California Greenhouse Gas Emissions
for 2000 to 2019

Trends of Emissions and Other Indicators

Date of ReleaseJuly28, 2021

CaliforniaAir Resourcefoard
10011 Street
SacramentoCalifornia95814



Executive Summary

Theannualstatewidegreenhousegas(GHGemissioninventoryis animportanttool in tracking
progresof/ I £ A F@ivEe progfadstowardsachievinghe statewideGHGgoals.Thisdocument
summarizeshe trendsin emissionsandindicatorsin the CaliforniaGHGEmnissionlnventoryé & (GKG
L y @Sy Tre20R1&ditidn of the inventoryincludesGHGemissiongeleasedduring 20002019
calendaryears.In 2019,emissionsrom GHGemitting activitiesstatewidewere 418.1million metric
tons of carbondioxideequivalentMMTCQe), 7.1 MMTCQe lower than 2018levelsandalmost13
MMTCQe belowthe 2020GHGLimit of 431 MMTCQe. Theemissionsncludedin the inventoryand
presentedhererepresentactualemissiongeleasednto the atmosphereand havenot beenadjusted
in anyway. Themostnotablehighlightsin the 2021 edition inventoryinclude:

9 CaliforniastatewideGHGemissiongdroppedbelowthe 2020GHGLimitin 2016and have
remainedbelowthe 2020GHGLimitsincethen, generallydroppingsince2004.

1 Transportationemissionscontinuedto declinein 2019asthey haddonein 2018,with even
more substantialreductionsdueto a significantincreasein renewablediesel(up 61 percent
from 2018),makingdieselfuel bio-componentgbiodieselandrenewablediesel)27 percentof
total on-roaddieselsoldin California.

1 Totalelectricpoweremissiongdecreasedy almost7 percentin 2019,dueto a continuing
increasein renewableenergy,includinga 46 percentincreasen availablehydropowerin 2019.



Figurel. ComparesAnnual Satewide GHGEmMissionsto the 2020GHGLimit.
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Thisgraphshows/ I £ A T &hWNBHIGHGEdEssiondrom 2000to 2019in relationto the 2020GHGLimitrequiredby the
CaliforniaGlobalWarmingSolutionsAct (AssemblyBill 32).1n 2016, Calif 2 NJGHGe@idsiondroppedbelowthe 2020
GHGLimitand haveremainedbelowthe 2020GHGLimitsincethat time.

Introduction

TheGHGnventoryis animportant tool in helpingto trackthe { (i I fr&fesstowardsachievinghe
statewideGHGgoalsestalishedby Assembl\Bill 32 (AB32) (reduceemissiongo 1990levelsby 2020)
and SenateBill 32 (SB32) (reduceemissiondo at least40 percentbelow 1990levelsby 2030).The
GHGnventoryandincludesthe followingtype of sourcesemissiongrom fossilfuel combustion,
includingcombustionfor power imported and consumedn state, GHGgeneratedasby-product of
chemicalreactionsin industrialprocessesiiseof GHGcontainingconsumerproductsand humarnt
madechemicalsand emissiondrom agriculturaland waste sectoroperations.Theexchangeof
ecosystentarbonbetweenthe atmosphereandthe plantsandsoilsin landis separatelyquantifiedin

the Naturaland WorkingLandsEcosystenCarboninventory[1], whichalsoincludeswildfire emissions.

Forthe emissionsourcedncludedin the GHGnventory,the inventoryframeworkis consistentwith
internationaland national GHGnventorypracticeg2], andis alignedwith requirementsin AB32.

The2021edition of the GHGnNnventoryincludesthe emissionsof the sevenGHGsdentified in AB32[3]
for the years2000to 2019.Thereare additionalclimate pollutantsthat are not includedin AB32that
aretrackedseparatelyoutsideof the GHGnventory. Theseclimatepollutantsincludeblackcarbonand
sulfurylfluoride (SQFR), whichare discussedn the ShortLivedClimatePollutant(SLCP$trategy{4]

2019 -



andozonedepletingsubstancegODS)whichare beingphasedout undera 1987internationaltreaty
[5]. ODSare now beingsubstitutedwith hydrofluorocarbonswhichare pollutantsspecifiedin AB32

3].

In this report, emissiontrendsandindicatorsare presentedin the categoriesoutlinedin the Initial AB
32 ClimateChangeScopindPlan[6]. Thereare alternativewaysof organizingemissionsourcesnto
categoriesandthe resultingpercentageswill be different dependingon thesecategorizationrschemes.
TheAdditionallnformationsectionat the end of this report providesfurther information on alternative
categorizatiorschemesAll emissionsn this report are expressedn 100-year GlobalWarming
Potential(GWP)Yrom the IntergovernmentaPanelon ClimateChanggIPCC3th AssessmenReport
(AR4) 7], consistentwith currentinternational GHGnventory practices.

Statewide Trends of Emissiom@d Indicators

In 2019,emissiondrom statewideemitting activitieswere 418.1million metrictons of CQ equivalent
(MMTCQEe, or milliontonnesCQe), 7.1 MMTCQe lower than 2018levelsandalmost13MMTCQe
belowthe 2020GHGLimitof 431MMTCQe. Sircethe peaklevelin 2004,/ | £ A ¥ @HGHMiskidDs
havegenerallyfollowed a decreasingrend. In 2016, statewide GHGemissionsdroppedbelowthe
2020GHGLimitand haveremainedbelowthe Limit sincethat time.

PercapitaGHGemissionsn Californiahave droppedfrom a 2001 peakof 14.0tonnesper personto
10.5tonnesper personin 2019,a 25 percentdecreasg8] [9]. Overalltrendsin the inventoryalso
continueto demonstratethat the carbonintensityof / | £ A ¥ &dhyniy(th€admountof carbon
pollution per million dollarsof grossdomesticproduct (GDP))s declining.From2000to 2019,the
carbonintensityof/ I { A T &dhpiyde@easedy 45 percentwhile the GDRAncreasedoy

63 percent.In 2019,GDPgrew 2.6 percentwhile the emissionger GDPdeclinedby 4.1 percent
comparedto 2018[9] [10]. Figure2(a)(c)show/ | £ A T gavdh AldngzideGHGemissions.



Figure2a.Changen Calibrnia GDP Population,and GHGEmissionsSince2000
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Metric Associated 2019 Value
GDP 2.7 Trillion (2012 $)
Population 39.8 Million
GHG Emissions 418.1 Million Tonnes CO,e
GHG Emissions per GDP 150 Tonnes CO,e per Million $
Figure2b. CaliforniaTotal and Per CapitaGHGEmissions
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Figure2c.Carbonintensityof/ | £ A ¥ BcNddriyl Q &
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Overview of Emission Trends by Sector

Thetransportationsectorremainsthe largestsourceof GHGemissionsn the State.Directemissions
from vehicletailpipe, off-road transportationsourcesjntrastate aviation,etc., accountfor almost

40 percent of statewideemissionsn 2019.Whenemissiondrom extracting,refiningand moving
transportationfuelsin Californiaare included,transportationis responsibleor over 50 percentof
statewideemissionsn 2019.Continuingthe downwardtrend from 2018,transportationemissions
decrease®.5MMTCQe in 2019,0nly beingoutpacedby electricity,whichreducedemissionsdy 4.3
MMTCQe in 2019.Emissiongrom the electricitysectoraccountfor 15 percentof the inventoryand
haveshowna substantialdecreasan 2019dueto increasesn renewablesTheindustrialsectortrend
hasbeenrelativelyflat in recentyears,but alsosawa decreasan 2019,about1 MMTCQe.
Commercia& residentialemissionssawan increaseof 2.4 MMTCQe from more naturalgasuse.
Emissiongrom highGWPgaseshavecontinuedto increaseasthey replaceODShat are beingphased
out underthe 1987Montreal Protocol[5]. Emissiongrom other sectorshaveremainedrelatively
constantin recentyears.Figure3 showsan overviewof the emissiontrendsby Scopinglansector.
Figure4 breaksout 2019emissiondyy sectorinto additionallevel of sub-sectorcategories.

aThetransportationsectorrepresentstailpipe emissiondrom on-road vehiclesand direct emissiondrom other off-road
mobile sourceslt doesnot includeemissiondrom petroleumrefineriesand oil extractionand produdion. Theemissions
from petroleumand oil extractionare includedin the industrialsectorcategory.



Figure3. Trendsin CaliforniaGHGEmissions
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Thisfigure showschangesn emissionsy ScopingPlansectorbetween2000and 2019.Emissionsre organizedby the
categoriesn the AB32 ScopindPlan,

*Thetransportationsectorrepresentstailpipe emissiondrom on-road vehiclesand direct emissiongrom other off-road
mobile sourceslt doesnot includeemissiondrom petroleumrefineriesand oil extractionand production,whichare
includedin the industrialsector.



Figure4. 2019GHGEmissiondy ScopingPlanSectorand SubSectorCategory.
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Thisfigure breaksout 2019emissiondy sectorinto an additionallevel of sub-sectorcategoriesTheinnerring showsthe

broad ScopingPlansectors.Theouter ring breaksout the broad sectorsinto sub-sectorsor emissioncategoriesundereach
sector.

*Thetransportationsectorrepresentstailpipe emissiondrom on-road vehiclesand direct emissiongrom other off-road

mobile sourceslt doesnot includeemissiondrom petroleumrefineriesand oil extractionand production,whichare
includedin the industrialsector.



Transportation Sector

Thetransportationsectorremainsthe largestsourceof GHGemissionsn 2019,accountingfor 40 percen? of
/It A F @HG¥vertofy Lontributionsfrom the transportationsectof includeemissiongrom combustionof
fuelsin-statethat are usedby on-road and off-road vehicles aviation,rail, andwater-borne vehiclesaswell asa
few other smallersources(Inthis report, emissiondrom refrigerantsusedin vehiclesairplane train, and ship
andboat are shownin the HighGWPgasesategory) Continuingthe downwardtrend from 2018,
transportationemissionsilecreasedhgainin 2019.Figure5 showsemissiongdy transportationsourcecategories
andthe sectortotal.

Figure5. Overviewof GHGEmissiongrom the TransportationSector.
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® The40 percentfigure representstailpipe emissionfrom on-road vehiclesand direct emissiongrom other non-road
transportationsourceslt doesnot includeemissiongrom petroleumrefineriesand oil extractionand production,which
areincludedin the industrialsector.

¢ Emissiondgrom the following sourcesare not includedin the GHGnventoryfor the purposeof comparingto the GHG
Limit, but are trackedseparatelyasinformationalitems and are publishedwith the GHGnventory:interstateand
internationalaviation,dieselandjet fuel useat military basesanda portion of bunkerfuel purchasedn Californiathat is
combustedby shipsbeyond24 nauticalmilesfrom/ | £ A F shdids Xhlef@lawing emissionsare not includedor tracked
in the GHGnventory:emissionsrom the combustionof fuels purchasedutsideof Californiathat are usedin-state by
passengevehiclesandtrainscrossingnto California,and out-of-state upstreamemissionsaccountedfor in the LowCarbon
FuelStandardLCFS)rogram.
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Figuress and 7 showthe trendsin emissionsandfuel usedin light-duty gasolineand heavyduty diesel
vehicles.Totalfuel combustionemissionsinclusiveof both fossilcomponent(orangeline) and
bio-component(yellowshadedregion)of the fuel blend, track trendsin fuel sales Consistenwith the
IPCGSuidelined2] andthe annualGHGInventoriessubmittedby the U.S .and other nationsto the
United NationsFrameworkConventionon ClimateChanggUNFCCCgarbondioxide(CQ) emissions
from biofuels(the biofuel componentsof fuel blends)are classifiedasd 6 A 2 BQdytheyaretracked
separatelyfrom the rest of the emissionsn the inventoryand are not includedin the total emissions
whencomparingto/ | £ A T 220Nk 208D&HGLImIts.BiogenicCQ emissionslataare available
on the CARBvebpage[9]. Emission®f methane(CH) and nitrous oxide (N2O) from biofuel
combustionare includedin the inventoryalongwith CQ from fossilfuel combustion.

Figure6. Trendsin On-RoadLightDuty GasolineEmissions.
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In the top panel,the yellow shadedregionrepresentsCQ emissiondrom the ethanolcomponentof the gasolinefuel
blend. Theorangeline includesall GHGemissiondrom the fossilgasolinecomponentof the fuel blend,aswell asthe CH
and N0 emissiondrom the ethanolcomponent of the fuel blend."Total Salef GasolineBlend"includesgasolineusedin
anytypesof vehicles 93%of whichare usedin light duty vehicles Thecolor of atrend line matchesthe color of its
correspondingverticalaxeslabel. Thebottom panelshowsthe percentof gasolineblendthat is ethanol.
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Figure7. Trendsin On-RoadDieselVehicleEmissions.
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In the top panel,the yellow shadedregionrepresentsCQ emissiondrom the bio-component(biodieselandrenewable
diesel)of the dieselfuel blend. Theorangeline includesall GHGemissiongrom the fossildieselcomponentof the fuel
blend,aswell asthe CH, and N2O emissiondrom the bio-componentof the fuel blend."Total Saleof On-RoadDiesel"
includesdieselblendsusedin anytypesof vehicles 97%of which are usedin heavyduty vehicles.Thecolorof atrend line
matchesthe color of its correspondingrerticalaxeslabel. Thebottom panelshowsthe percentof dieselblendthat are
biodieselor renewablediesel.

Emissiongrom transpotation sourcesdeclinedfrom 2007to 2013, followed by four consecutiveyears
of annualincreaseshrough2017.Transportationremissiongiroppedby 1.5 MMTCQe in 2018,and 3.5
MMTCQe in 2019,continuingthe decreasingrend. Emission$rom gasolineusedin on-road
passengecars,trucks,and SUVare 78 percentof the transportationinventoryand had beenthe main
driver of the increasedetween2013and2017.Salesandblendingof biodieselandrenewablediesel
increasedby more than 96 million gallonsfrom 2018to 2019.Renewablalieseluseincreased
significantly(up 61 percentfrom 2018),makingdieselfuel bio-components(biodieselandrenewable)
27 percentof total on-road dieselsoldin Californiain 2019.

A combinationof factorsinfluenceson-roadtransportationemissionsFuelpolicies,improvedfuel
efficiencyofthe & U | vieBidefieet, and highermarketpenetrationof zero-emissionvehiclescandrive
down consumptionand emissionovertime. Asa resultof Californiaregulatoryandincentive
programsthe averagefuel efficiencyof passengewrehiclesn 2019was23.8milesper gallon,a 1.7
percentimprovementover 2018;andnew 2019modelyearpassengerehiclesare 10 percentmore
fuel efficientthan 2012modelyearvehiclesln addition,there were 567,000zero-emissionpassenger
vehicleg(includingbattery electricvehicles hydrogenfuel cell vehicles and plugrin hybrid vehicles)n
2019ascomparedto 454,000in 2018.Biofuelssuchasethanol,biodiesel,andrenewablediesel
displacefossil fuelsandreducethe amountof fossitbasedCQ emissiongeleasednto the
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atmosphere Thepercentageof biodieselandrenewabledieselin the total dieselblend haveshown
significantgrowth in recentyears,growingfrom 0.5 percentin 2011,to 18.5percentin 2018,and27
percentin 2019,due mostlyto the implementationof the LowCarbonFuelStandard Without biofuels,
Californiatailpipe fossilCQ would be 17 MMTCQe higherin 2019.However,while progressaround
deploymentof cleanervehicletechnologyandfuelswassignificant,it wasalsodampenedby continued
increasesn per capitavehiclemilestravelledfrom passengevehicles.

Electric Power

Emissiongrom the electricpower sectorcomprisel4 percentof 2019statewideGHGemissionsThe
GHGemissioninventorydividesthe electricpower sectorinto two broadcategoriesemissiongrom in-
state power generation(includingthe portion of industrialand commercialcogeneratioremissions
attributed to electricitygeneration)and emissiondrom imported electricity. Emissionsn this sector
are primarilydrivenby naturalgasburnedin-state to supplementthe remainingelectricitydemand
after utilizingrenewableenergy.

Sincethe earlyH n n th@deploymentof renewableandlesscarbonintensiveresourceshave
facilitatedthe continuingdeclinein fossilfuel electricitygeneration.TheRenewabldPortfolio Standard
(RPSIProgramandthe Capand-TradeProgramcontinueto incentivizethe dispatchof renewablesover
fossilgenerationto serveCaliforniaload. Higherenergyefficiencystandardsalsoreducegrowth in
electricityconsumptiondrivenby a growingpopulationand economy While yearto-yearfluctuations
in hydropoweravailabilityresultin smallchangego carbonintensity,the overal downwardtrend
prevailsfor emissiondrom electricpower generation.Figures8and9show/ I t A T &leNtiCityl Q a
emissionand GHGntensitiesof electricitygenerationovertime.
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Figure8. GHGEmissiongrom the ElectricPower Sector.
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Thisfigure showstrendsin emissionsf in-state electricity generation,emissionsassociatedwvith electricityimported from
outsideof Californiaandthe total electricpower sectoremissionswhichis the sumof in-state generationandimports.
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Figure9. GHGIntensity of ElectricityGeneration.
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Thisfigure showstrendsin GHGntensitiesof electricitygeneratedby in-state power plants, electricityimported from
outsideof Californiaandthe overall GHGntensitiesaggregatingoth in-state generationand electricityimports.

Electricpower emissionglecreasedn 2019asrenewablegenerationcontinuesto replacefossilpower.
In 2019,48 percentof total electricitygeneration(in-state generationplusimported electricity)came
from solar,wind, hydropower,and nuclearpower; and anotherfive percentcamefrom Asset
ControllingSupplier8, whichimported low GHGintensity electricity consistingprimarily of
hydropower.

In-state solargenerationgrew 9 percentin 2019comparedto 2018.Between2011and2019,in-state
solargenerationsawsignificantgrowth asrooftop photovoltaicsolargenerationincreasecdine-fold
[11] andtotal solargeneration(commercialscaleplusrooftop solar)increasedoy a factor of 16 during
that period[11] [12]. In-state wind energygenerationrampedup through2013,andhasremained
relativelyconstantsince2013[12]. FigurelO showstrendsin in-state hydro, solar,andwind electricity
generation.

dg 1 & @oditiblling{ dzLJLIfare &sNdiiredby the MandatoryGHGReportingRegulatiofMRR) Theterm refersto an
electricpower entity that ownsor operatesinter-connectedelectricitygeneratingfacilitiesor servesasan exclusive
marketerfor thesefacilitieseventhoughit doesnot own them. Importsfrom ACSare primarily hydropower,but include
somenon-zeroGHGpower sourcessuchasnatura gas.
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FigurelO. In-StateHydro, Solar,and Wind ElectricityGeneration.
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Thisfigure showsthe amountsof electricitygeneratedby/ | f A Fi-dNdfehvihndpawer projects,largecommercialscale
solarpower projects,rooftop solarpanels,and hydropowergenerationstations.Theunits are in terawatt-hour (1 TWh=
179 kwh).

Trendsin the typesof in-state generationare presentedin Figurell. In-state naturalgasgeneration
complementghe yearto-yearfluctuationsin hydro, solar,wind, and nuclearpower, while generation
from other fuel typesgraduallydeclineovertime.
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Figurell. In-StateElectricityGenerationby FuelType.
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Thisfigure showsthe amountsof electricitygeneratedby in-state naturalgaspower plants,hydro/solar/wind/nuclear
resourcesandother generationsourcesTheunits arein terawatt-hour (1 TWh= 179 kWhY.

¢d h K 8z8ihciudeenergygenerationfrom associatedyas,biomasscoal,crudeoil, digestergas distillate, geothermal,
jet fuel, keroseneJandfill gaslignite coal, municipalsolidwaste (MSW) petroleumcoke,propane,purchasedsteam,
refinery gas,residualfuel oil, sub-bituminouscoal,syntheticcoal,tires, wastecoal,wasteheat, and wasteoil. CQ andCH
emissiondrom geothermalpower and CH and N2O emissiondrom biomasspower areincludedin the statewidetotal for
comparingto the 2020GHGLimit. Exceptfor geothermalpower, most of thesefuelsare combustedin industrial

cogeneratiorfacility.
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Trendsin the typesof imported electricity are presentedin Figure12[13]. In 2019,imports of hydro, solar,
wind, and nuclearenergygrew nine percentwhile imports of coalenergydropped21 percent. Comparedo
2011levels,imports of hydro, solar,wind, and nuclearenergynearlytripled, while imports of coalenergy
droppedby 67 percent!

Figurel2.Imported Electricityby GenerationType.

*Imports from ACSare primarily hydropower,but includesomeGHGemitting power sourcessuchasnaturalgas.

**mports from MJRPare primarily coal,but includeother typesof generationresourcesTheunits are in terawatt-hour
(1 TWh=1"9 kWh).

Thisfigure showsthe amountsof imported electricity by generationtype. Theenergyresourcesare sortedin order of
decreasingsHGntensity,with zeroGHGresourceson the top (solar,wind, nuclear,andhydro). AssetControllingSuppliers
(ACSand Multi-JurisdictionaRetailProvider(MJRPare asdefined by the Mandatory GHGReportingRegulationMRR)
[13].

Industrial

Emissiongrom the industrialsectorcontributed21 percentof/ | £ A T tBtdNIFHAGENsE8ionsn 2019.
Emissiongn this sectorare primarily drivenby fuel combustionfrom sourceghat includerefineries, oil
& gasextraction,cementplants,andthe portion of cogeneratioremissionsattributed to thermal
energyoutput. Procesemissionssuchasfrom clinkerproductionin cementplantsandhydrogen

f Thirdparty verificationensureselectricitydeliveriesmeet the requirementsof MRRandthe Capand-TradeRegulation,
which protectsagainstresourceshuffling

17



